Background
Introduction
It is estimated that by the year 2000 about 25% of the adult world population were hypertensive (blood pressure, BP !140/90 mmHg) and that this rate will increase to 60% by the year 2025 [1] . For Austria, hypertension has been reported to be a key risk factor for mortality (22.8%), followed by smoking (15.8%), high cholesterol (14.3%), and a high body mass index (BMI) (9.6%) [2] .
Excess weight has been found to be associated with an increased prevalence of hypertension, while weight loss dramatically reduces this obesity-related disease [3, 4] . The Framingham study estimates that obesity is responsible for 26% of hypertension in men and for 28% in women [5] . The obesity-associated morbidity and mortality of hypertension depends on factors such as sex, age, weight gain and BMI [6, 7] .
In Austria the age-standardized obesity prevalence strongly increased between 1973 and 2007 (women: 11.5%-15.0%, men: 9.5%-13.8%, p < 0.005) [8] . This may have the potential to impact the risks of cardiovascular diseases. Despite the global increase of obesity [9] , only little is known about concurrent trends in the prevalence of cardiovascular risk factors, such as hypertension. Examining socio-demographic subgroups would allow us to identify persons that are particularly at risk [10] . This would facilitate the planning of preventive measures. The aim of our study was to analyse overall long-term trends of hypertension in Austria, among both obese and non-obese subjects, on the basis of selected socio-demographic variables. It was hypothesized that the prevalence of hypertension has risen among Austrian adults in recent decadesand that obese people are particularly affected.
Method

Data source and sampling
Health data were deducted from representative national cross-sectional health surveys using similar methodology. They were collected through the Austrian Microcensus in 1973, 1983, 1991 and 1999 . The Austrian Health Interview Survey (AT-HIS)-was conducted in 2006-07 instead of the former Microcensus on health as part of the European Health Interview Survey (E-HIS; http://www.euhsid.org). The five surveys were conducted by the federal statistical office`Statistik Austria´(http://www.statistik.at/web_en/), the owner of the data who makes them available. The Microcensus are chargeable and the data for the AT-HIS are free.
For the Microcensus the sampling was made by a stratified selection of addresses by federal states. The selection framework for the Microcensus sampling was the housing census revised by the current housing statistics in Austria. For the AT-HIS a random sample was drawn from the Austrian population register and stratified by the 32 administrative Austrian districts. In all five surveys data were obtained through standardised face-to-face interviews by trained interviewers of Statistics Austria questioning individuals aged 15 years and older in their private homes or long-term care facilities (such as nursing homes), using interviewer questionnaires. Interviewers of all five surveys had to participate in trainings where they were instructed on how to lead through the interviews. Participants had to give full information for the baseline survey portion. For the Microcensus surveys data from all household members were collected.
A sample of the respective individuals was interviewed for the AT-HIS. A further modification in the AT-HIS was, that the participants were questioned by computer-assisted personal faceto-face interviews (CAPI), which allows direct data entry. The raw data were screened for errors from Statistics Austria.
The participation rates were quite high for the Microcensus surveys, especially in 1973, and relatively low in the AT-HIS 2006/07. This is due to the fewer number of questions asked in the first surveys. The questionnaire applied in the AT-HIS was much more extensive in comparison with the questionnaires of the earlier surveys. However, each survey sample was weighted according to sex, age and region to ensure representativeness of the Austrian population distribution.
Data analysis for this study was limited to adults. Subjects aged 20 years and older were included since the AT-HIS survey rather concerned entire age groups in 5 year intervals than exact age levels. Therefore, the data of 64,052 subjects were excluded since they were younger than 20 years at the time of the survey. Furthermore, cases with missing data regarding gender and BMI were excluded (n = 29,709). Cases with implausible BMI values (BMI 10 kg/m 2 , BMI ! 75 kg/m 2 ) were also removed from the data base. The proportion of individuals included in the analysis was 63% in total (n = 178,818). 53.7% were female and the mean ± standard deviation (SD) age of the individuals was 47.7 ± 17.5 years old (range: 20-99 years).
Ethical considerations
This study was approved by the Ethics Committee of the Medical University of Graz (EK-number: 23-172 ex 10/11). It was carried out in compliance with the principles laid down in the Helsinki Declaration. No minors or children were included in the study sample. Data were collected anonymously. Verbal informed consent was obtained from all subjects, witnessed, and formally recorded for every survey.
Variables and measurement
Self-reported demographic, socioeconomic and health data were collected. In addition, subjects of all surveys were asked whether they had been suffering from hypertension within the last 12 months. In order to measure obesity, participants were asked to indicate their height in centimetres (without shoes) and their weight in kilograms (without clothes). Obesity was defined, according to the World Health Organization (WHO), as a BMI ! 30 kg/m 2 . Based on a preliminary validation study [11] , BMI correction factors were applied to subjects aged 45 years and older given that the difference between self-reported and measured BMI significantly increased only among older individuals. 
Data analysis
Selected variables from the five surveys were fed into a common database. Age-standardized prevalence was calculated based on the WHO's new European standard population using direct standardization. Binary logistic regression analyses were conducted with hypertension (dichotomous) and the survey period as predictor (correction variable: age in 5-year intervals), across all surveys. To quantify trends in the prevalence of hypertension, percentages of absolute change (AC) were assessed. The aetiologic fraction (AF), a ratio measure, was computed to represent the subgroup with the greatest relative hypertension risk. To calculate the AC and AF, we used the prevalence of the first and last year (Pf and Pl, respectively) as estimated by binary logistic regression models. The AC was defined as Pl-Pf, and the AF as (Pl-Pf)/Pl. The following formulas were applied:
The magnitude of inequalities for hypertension between educational groups was measured by calculating the relative index of inequality (RII). The RII is frequently computed as exponent of the regression coefficient and in this case describes the frequency-or the odds-predicted at the lowest point of the social hierarchy divided by the frequency-or the odds-predicted at the highest point of the social hierarchy [12] . The variable 'educational level' was replaced by 'fractional rank', which was obtained by ranking the sample according to educational level. The population of each educational level is thus allocated a modified rigid score, which is based on the median of the range in the cumulative spread of the population. By regressing the variable hypertension with the fractional rank (correction variable: age in 5-year-intervals) the exponentiation of the regression coefficient represents the RII (= (exp (B) -1) Ã 100).
Chi-square tests were computed to analyse statistical significance (two-sided, p<0.05). All analyses were conducted using IBM SPSS 
Results
In 2006-2007 the age-standardised prevalence of hypertension was 18.8%. A continuous increase in the prevalence was observed, with the highest rates among obese subjects (2007: 42.6%). Hypertension was slightly higher in women than in men and considerably higher in obese women than in obese men. Viewing the age groups, the prevalence increased with age and subjects aged 75 years and older were most prevalent. This was not true for obese men in the latest survey, which showed the 55-74 year old obese men to be most strongly affected. As for the educational groups, the lowest prevalence was found among highly educated. In women, the presence of hypertension clearly decreased as the educational level increased. Obese women with low education were most strongly affected. For men the stratification by obesity across all educational groups was less pronounced compared to women. A minor difference regarding hypertension prevalence was found for middle-and low-educated men (Table 1) . Relative inequalities for hypertension were higher in women than in men and showed a general tendency to increase from 1991 onwards. In total the RIIs were rather unstable ( Table 2) .
A strong upward trend in hypertension prevalence was observed, especially from 1991 onwards (Fig 1) .
The regression models showed a significant increase in the prevalence of hypertension across all subgroups. For the whole study population, the AC for the prevalence of hypertension was +34.1% (p < 0.001). When distinguishing between obese and non-obese subjects, the highest increase occurred in obese individuals (+37.9%) with maximum scores for women Table 1 . Crude and age-standardised prevalence of hypertension in five health surveys among obese and non-obese subjects stratified by sex, age and education. (+50.2%), subjects aged !75 years (+54.5%), and those with middle educational level (+24.0%). The highest dynamics for the prevalence of hypertension was measured for obese subjects in the youngest age group (AF = 99.4%) ( Table 3) .
Discussion
Trends in the prevalence of hypertension reflect the socio-cultural, economic, and demographic impact on the morbidity risk [13] . In our study the prevalence grew steadily, with a strong increase from 1991 onwards. Since the 1990s, BP values have been considered to require treatment from !140/90 mmHg onwards. Even earlier, values !160/100 mmHg were treated with medication. Thus the number of hypertensive persons suddenly proliferated [14] . In the last years BP target values were revised upward and the trend to low recommendation values for hypertension seems to have been stopped [6, 15] . Hypertension guidelines now recommend thresholds of 140/90 mmHg for most people. The values for subjects aged 60 years and older and risk patients were raised (RR !150/90 mmHg) [6, 15, 16] . For mild hypertension (!140-159/90-99 mmHg), no significant positive effects of medication in primary prevention were found. The damage caused by side effects is likely to be higher than the benefit [17] . The NICE [16] recommend medical therapy for mild hypertension only for subjects with high cardiovascular risk (e.g. end-organ damage). More research is needed regarding the optimal thresholds in hypertension treatment.
Another reason for the strong increase in hypertension prevalence in Austria could be that subjects in the earlier surveys were less often aware of their BP [18] , while nowadays many individuals have sphygmomanometers to regularly monitor their BP. Furthermore, the demographic landscape has changed during the study period. There has been a change in the age pyramid in favor of the elderly, which has led to a more frequent occurrence of chronic diseases, including hypertension. The strong rise since the 1990ies in the prevalence of obesity in Austria [8] is most probably associated with the increase in hypertensive inhabitants. In other words, the increasing prevalence of hypertension mirrors the trend of increasing obesity in Austria. When comparing the obesity and hypertension profiles over the study period, the prevalence of hypertension was higher, but a similar increase was found for obesity. A parallel trend and strong relationship between hypertension and obesity was also observed in other studies [19, 20] .
It was striking that hypertension strongly increased among obese women and obese subjects aged 75 years and older. However, obesity in younger aged men was associated with the highest AFs. This means that the risk for hypertension within the study period was high and that the prevalence threatens to grow even more rapidly in those subgroups.
We found that low-educated, especially obese, subjects were more often hypertensive than subjects with a higher educational status [21] . It was not surprising that the relative inequalities Fig 1. The prevalence of hypertension during the study period, stratified by sex and obesity. Weighted and age-standardised data. All prevalence calculations are statistically significant (p < 0.001).
doi:10.1371/journal.pone.0140461.g001 Table 3 . Logistic regression of hypertension prevalence change per period as well as absolute changes (AC) and aetiologic fractions (AF) of hypertension during the study period by sex, age, educational status and obesity (adjusted for age). OR = Odds ratio. AC% = absolute change in hypertension prevalence during the study period as computed by logistic regression. AF% = aetiologic fractions of hypertension during the study period as computed by logistic regression. regarding hypertension were higher among women than among men [22] . This may be explained by the fact that among the low education population more women than men suffered from hypertension, whereas the ratio was more balanced in the higher education group. Overall, the RII increased steadily from 1991 onwards. It seems that the increase in hypertension prevalence has led to an increase in relative inequalities. In Austria, only little has been done to reduce such inequalities. Experts recommend the implementation of effective approaches in combination with target-group-specific interventions for hypertension in order to reduce social inequalities [23] .
Predictor
Reportedly greater hypertension prevalence among men than women [20, 24] was not found for Austria. In our study the prevalence was higher in women and more pronounced among obese subjects. It should be pointed out that the association between hypertension and obesity is stronger in women than in men [25] . A possible reason is that the visceral fat, that is mainly located in the abdominal area and creates an increased risk for the development of fatal diseases, grows with age. This is more common among women than men [26] . Preventive strategies in Austria should thus be developed from a gender perspective. The increasing prevalence of hypertension among older subjects correlates with a rising BMI at later age in Austria [8] . Therefore, the proportion of elderly obese persons with hypertension is high and was shown to strongly increase during the investigation period. A further reason for the high prevalence of hypertension among older subjects is the fact that the blood vessel elasticity decreases with age. The progressive loss of vascular elasticity especially increases systolic blood pressure. Consequently, elderly patients with progressive vascular stiffness often develop systolic blood pressure values over 140 mmHg, while diastolic values remain under 90 mmHg, i.e. normal. This phenomenon is called increased pulse pressure. The higher the pulse pressure, the more rigid the blood vessels. The majority of hypertensive patients aged 50 years and older have this form of hypertension, which may therefore be justly called a disease of older people that increases with age [4, 27] . The observed growing trend for hypertension prevalence among older Austrian adults is also due to the increased proportion of older people during the investigation period, an aspect which has entailed a steady increase ofthe number of chronic diseases including hypertension.
Hypertension is a modifiable and nearly eliminated risk factor that can be counteracted by lifestyle therapy, medication, or both. In Austria most hypertensive patients are treated with medication [28] . A lifestyle modification should be among the first measures taken in the treatment of hypertension, especially when it comes to people with obesity [15] . Weight reduction is the most popular therapeutic intervention, since it soon leads to a lower BP, plasma volume, plasma insulin level, and noradrenalin level. 1 kg less may lead to a reduction of the systolic and diastolic BP of 0.5-2.0 mmHg [29] . Physical activity (at least 30 minutes of moderate dynamic exercise/5-7 days per week) is equally important for a lower BP and reduced left-ventricular hypertrophy. Medical treatment is appropriate for obese patients when relying on antihypertensive medication that blocks or reduces aldosterone action [30] . People tend to overemphasize the achievement of defined BP values and to underestimate the value of preventing hypertensive complications. BP awareness should be created in the population and BP self-measurements should become a preventive routine. Attempts at primary prevention should involve a multifaceted approach based on encouraging the affected groups to adopt a healthy life-style. Antihypertensive medication should support lifestyle changes rather than to replace them [31, 32] .
According to the Austrian Hypertension League, hypertension is based on at least 30 BP readings. The recommendation "7 out of 30" has led to the outcome: 7 out of 30 = 23.3%: normotension and 8 out of 30 = 26.7%: hypertension [33] . Self-reported hypertension may be biased by a lack of awareness. However, information about the presence was more valid in the case of chronic illnesses and showed adequate validity. Health surveys based on self-reported data have been considered as good instrument for measuring the prevalence of chronic diseases [34] . The disadvantage of self-reported BMI data was compensated by correcting the selfreported BMI [11] . Another limitation was that socioeconomic status was only represented by educational level, as other suitable variables were not available from most surveys. For the calculation of the RII, income would have been a better variable to present the magnitude and to obtain more stable values. The strength of this study comprises the unique database with a very large sample. Thereby it was possible to analyse trends in subgroups and achieve statistically reliable data. The investigation over such a long period allowed an accurate assessment of the development of the hypertension epidemic.
Conclusion
The prevalence of hypertension strongly increased during the study period. The most undesirable trends occurred in obese women and obese subjects aged 75 years and older. These groups should be given special attention when planning hypertension prevention programs. The presented data suggest that public health strategies implemented to date have fallen short of their targets. This research helps to understand the development of hypertension in Austria and clarifies the need for prevention activities in terms of lifestyle changes in the field of obesity prevention. A multidisciplinary public health approach is necessary, in which gender issues, special risk groups and socioeconomic circumstances should be considered. These strategies should be flanked by a continuous monitoring of hypertension indications.
